The requirements of non-lactating non-pregnant ewes for digestible nitrogen for maintaining nitrogen or weight equilibrium were studied using soybean meal or urea as the sources of supplemental nitrogen. From the nitrogen balance data, assuming nitrogen losses of .05 g N/kg -73, the digestible nitrogen requirement for maintaining nitrogen equilibrium was. 195 -+ .0237 and .188 + .0099 g N/kg.73 for soybean and urea as the sources of supplemental nitrogen, respectively. These estimates are close to the value of .20 g digestible nitrogen required for weight equilibrium obtained in the feeding trial. Increase in the levels of digestible nitrogen intake up to .370 and .450 g/kg.73 for soybean meal and urea, resulted in a linear increase of retained nitrogen. At higher levels of digestible nitrogen intake, retained nitrogen plateaued or declined with added soybean meal or urda. Addition of starch slightly increased the energy intake but tended to reduce crude fiber digestibility and reduced straw intake significantly. It also tended to reduce urinary nitrogen and increased retained nitrogen.
INTRODUCTION
The recommended digestible protein allowances for non-lactating sheep vary considerably and are generally higher than the reported requirement for maintaining nitrogen equilibrium. For a nonqactating ewe weighing 70 kg, ] The author acknowledges the technical assistance of D. Macrides, P. Louca, G. Hadjigabriel, K. Heracleous and Maria Theodoridou.
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3The Chios sheep is found in several countries in the Eastern Mediterranean and the Middle East and is used as a dual purpose (dairy and meat) animal.
agencies from the United States, United Kingdom, Germany and Israel advocate a daily allowance of 58.0, 47.3, 63.5 and 70.0 g digestible protein, respectively (N.R.C., 1975; A.R.C., 1965; Kirchgesner, 1970; Ministry of Agriculture, Israel 1970) . The protein and energy allowance advocated by N. R.C. (1975) was expected to produce 10 g of gain daily. The reported minimum requirements of sheep weighing 50 to 70 kg, for maintaining nitrogen equilibrium, range from 2.1 to 10 g digestible nitrogen daily (Elliot and Topps, 1964a,b; Jahn, 1970; Robinson and Forbes, 1966; Robinson and Forbes, 1970; Singh and Mahadevan, 1970) . Only part of this variation could be attributed to differences in the methodology and breeds used (Doney and Russel, 1968) . The amount of dietary nitrogen of protein and non-protein origin which is utilized efficiently by ruminants is affected by the level of energy intake and the body condition of the animal (Elliot and Topps, 1964a; Broster et al., 1969) . The maintenance period is often used to replenish the weight lost during lactation and thus the allowance of protein and energy is higher than the minimum required to maintain weight equilibrium. It is therefore important to determine both the minimum digestible nitrogen requirements for maintaining nitrogen equilibrium and the maximum level of digestible nitrogen which could be used efficiently by non-lactating non-pregnant ewes. In this study three nitrogen metabolism and one feeding trials were conducted with nonqactating, non-pregnant Chios ewes to determine the digestible nitrogen requirement for maintaining nitrogen equilibrium and the utilization of increasing dietary levels of nitrogen from soybean meal and urea.
EXPERIMENTAL PROCEDURE
Metabolism Trials 1, 2 and 3. Twelve nonqactating, non-pregnant ewes of the Chios 3 breed were used in each trial. These ewes were selected for similar live weight from a larger 665 JOURNAL OF ANIMAL SCIENCE, Vol. 44, No. 4 (1977) group. Prior to the trial they grazed for 2 to 3 hr daily and were group fed straw ad libitum plus 300 g of grain mixture per head. The ewes were placed in metabolism cages and were randomly assigned to the treatment diets listed in table 1. Total fecal and urine collections were carried out for two 5-day periods after a 7-day adjustment period. In trial 2, the ewes were adjusted to diets containing urea for 8 weeks prior to placement in the metabolism cages. Feces and urine were separated by a metallic screen which was placed under the metabolism cages at an angle of approximately 45 degrees. The fecal pellets dropped and were collected in plastic bags placed inside plastic containers. Urine was collected in glass bottles containing 30 ml of 10% sulfuric acid.
The treatment diets in trials 1 and 2 were designed to be approximately isocaloric and to provide increasing levels of dietary nitrogen from soybean in trial 1 and urea in trial 2, respectively (table 1). The metabolizable energy intake for each ewe was computed from the digestible organic matter intake using the factor 3.75 kcal ME/g (Blaxter and Wainman, 1964) or from the feed tables (N.R.C., 1969) and the two values obtained were found to be in close agreement. The values of 1,800 and 2,050 kcal ME/kg DM were used for straw and carob pod meal, respectively (Economides and Hadjidemetriou, 1974) . In trial 3 the diets were isonitrogenous and were designed to provide two levels of metabolizable energy. The purpose of this trial was to determine whether the utilization of nitrogen especially at high dietary levels was affected by additional energy intake in the form of starch.
The straw and grain mixtures were fed in separate containers. The straw was fed once daily at 8:00 am. The grain mixture was prepared daily by weighing the appropriate ingredients and was fed in two, approximately equal, parts at 9:00 and 18:00 hours. The straw refusals were collected and recorded the following morning; there were no measurable grain refusals. The feed ingredients, straw refusals and urine were sampled daily and the samples for each 5-day period were pooled and frozen. The total daily fecal excretion was collected and frozen. At the end of each period the feces from each period were mixed in the form of paste and sampled. Prior to analysis fecal samples were dried and ground. All samples were analyzed for nitrogen by the Kjeldahl procedure. Other analyses were carried out by , 1970) . The ewes were weighed at the beginning and at the end of each trial and the mean of the two values was used to compute metabolic size (kg.73). Intake, fecal, urinary and retained nitrogen were expressed per unit metabolic size. The data in trials 1 and 2 were analyzed by standard procedures (Steel and Torrie, 1960) and the means were compared using the Duncan's multiple range test (Duncan, 1955) . In trial 3 the means were compared using the Student's test. In trials 1 and 2 digestible nitrogen was plotted against fecal, urinary and retained nitrogen; regression equations were computed for the linear part of each curve. The digestible nitrogen requirement for equilibrium was computed from the regression equations. The regression of digestible nitrogen on retained or urinary nitrogen was used by Elliot and Topps (1965a,b) and Robinson and Forbes (1966; to determine the requirements of ewes for digestible nitrogen.
Trial 4. Forty-four non-lactating, non-pregnant Chios ewes were stratified on the basis of live weight and the ewes in each stratum were randomly assigned to five treatment diets to study the effect of three levels and two sources of nitrogen, namely soybean and urea, on live weight. All ewes were offered in the morning 750 g of chopped straw and 525 g of the respective treatment diets (table 2). The ewes were housed in individual adjacent pens and were allowed 15 days to adjust to the diets. During the trial, which lasted for 8 weeks, straw and concentrate intakes were recorded daily and live weight weekly. The digestible protein intake was computed from the chemically determined crude protein content of the feed ingredients of the diet and the reported digestibility coefficients (N.R.C., 1969); it was also computed from the crude protein intake and a digestibility curve obtained from metabolism trials 1 and 2. The two values obtained for each diet were in good agreement. The metabolizable energy intake was computed from the reported ME content of the feed ingredients in each diet (N.R.C., 1969; Economides and Hadjidemetriou, 1974) . Digestible protein and metabolizable energy intake was expressed per unit metabolic size (kg.73) which was computed as in trials 1 to 3. The data were analyzed by least square procedures (Harvey, 1960) . The initial weight was used as covariate in the analysis of treatment differences in weight gain.
RESULTS
Trial 1. The increasing levels of supplemental digestible nitrogen intake from soybean meal resulted in significant increases in urinary nitrogen which was gradual in treatments 2 and 3 Trial 2. The increasing levels of supplemental urea in the diet affected significantly urinary and retained nitrogen (table 4 and figure 2). As in trial 1, both urinary and retained nitrogen increased linearly in response to higher digestible nitrogen intakes in treatments 2 and 3, while in treatment 4 urinary nitrogen increased and retained nitrogen decreased sharply. For the linear part of the curve, the regression of apparently digestible nitrogen on retained nitro- Trial 3. The ewes receiving the treatment diet which was supplemented with starch consumed less straw (P<.05) than the ewes fed the control diet so the intended differential of 30 kcal/kg.73 in metabolizable energy intake was not achieved (table 5) . Starch reduced crude fiber digestibility by about 11 percentage points but this difference was not significant (P>.05). Urinary nitrogen was 21% lower and retained nitrogen 21% higher with starch addition, but these differences were not significant statistically. The means for fecal, urinary and retained nitrogen without added starch were in close agreement with the projected values from the curves obtained in trial 1; the means for soybean with added starch were lower and higher respectively for urinary and retained nitrogen ( figure 1) .
Trial 4. The data from one ewe receiving the basal diet were excluded from the analysis because it consumed only half of the daily allowance of feed. The ewes receiving .20 g/kg.73 digestible nitrogen were approximately in weight equilibrium (table 6). Supplemental digestible nitrogen from either soybean meal or urea increased live weight gain over the control (P<.05). Soybean meal promoted slightly higher gains than urea but the difference between the two nitrogen sources was not significant. The level and source of supplemental dietary nitrogen had no effect on the consumption of straw. The daily gain in kg/kg-73 appeared to be affected by the calculated level of metabolizable energy intake but this effect was significant only for the ewes on urea.
Discussion
The maintenance requirement of sheep for digestible protein is the amount required to maintain nitrogen equilibrium. In a nitrogen balance study, equilibrium exists when retained nitrogen is zero. This estimate, however, is biased downward because in balance studies, the nitrogen lost as wool, skin, nails and suint is not usually measured. It has been estimated that sheep are in true equilibrium when .05 g N/kg.73 nitrogen is retained (A.R.C., 1965). Setting this value for X in the regression equations for trials 1 and 2 the maintenance requirements in apparently digestible nitrogen (Y) were .195 + .0237 and .188 + .0099 g/kg.73, respectively. If the nitrogen losses are not considered, thus setting X equal to zero, the corresponding values are .135 + .020 and .119 -+ .021, respectively. On the basis of the former values the maintenance requirement in apparently digestible protein of a 70 kg ewe is estimated at 27.1 g daily. This value is close to the .20 g of digestible nitrogen per kg .73 which was sufficient for the animals to maintain approximate weight equilibrium in the feeding trial.
In both balance trials 1 and 2 the increase in digestible nitrogen intake at low nitrogen intake levels linearly increased urinary and retained nitrogen while at higher levels of intake, urinary nitrogen increased sharply and retained nitrogen plateaued with soybean meal or decreased with urea. A similar depressing effect of urea on retained nitrogen was observed by Owens et al. (1973) with intraruminal infusion of 17 g of urea daily in wether lambs weighing 30 kiloTreatment Vercoe and Hall (1965) and by Broster et al. (1969) with sheep and dairy heifers, respectively 9 The present trials showed that non-lactating, non-pregnant ewes receiving approximately 120 kcal ME/kg.73 will not use efficiently digestible nitrogen intakes higher than .370 and .450 g/kg.73 when the sources of supplemental nitrogen are soybean meal and urea, respectively.
The utilization of dietary nitrogen of protein and non-protein origin is closely related to the energy intake. The diets in this study were designed to furnish metabolizable energy at levels of 115 to 120 kcal/kg 9
These were higher than the estimated energy requirement of 81 cal/kg.73 (Langlands et al., 1963) and 98 kcal/kg.TS (Garret et al., 1959 ) so that energy would not limit the utilization of nitrogen at lower levels of nitrogen intake. Similar levels of energy intake (125 kcal/kg "73) to this study were used by who reported a requirement of .176 g digestible N/ kg.7 s. This value is close to the values reported here and to those reported from other studies in which the metabolizable energy intake was close to 100 kcal ME/kg.T3 (Robinson and Forbes, 1966; Elliot and Topps, 1964a) . At lower levels of energy intake and with high fiber diets the digestible nitrogen requirement appears higher (Elliot and Topps, 1964b; Robinson and Forbes, 1970) . The addition of starch in trial 3, did not significantly increase nitrogen retention. When urinary and retained nitrogen, however, were plotted with those found in trial 1 (figure 1) it was apparent that the data without starch fit the plateau of the curve while those from treatment 2 were located at points to which an extension of the linear part would reach. This nitrogen-energy interaction has been well presented by Black (1970) . In the pooled data of the three metabolism trials of this study, retained nitrogen in g/kg -73 (Y) was found to depend on the metabolizable energy The plateau points, showing the maximum digestible nitrogen which could be used efficiently occurred at 3.2 and 3.9 g per Meal metabolizable energy intake for soybean and urea, respectively. These values which correspond to 20.0 and 24.4 g of digestible protein per Meal metabolizable energy intake are slightly lower than the advocated amount of 20 g per Meal digestible energy or .820 Meal metabolizable energy intake (N.R.C., 1975). Apart from the level and source of energy the remaining variation in the reported requirements may be due to differences in the breed, age and body condition and earlier treatment of the animals used. Robinson and Forbes (1970) reported that .47 g/kg.73 was required for maintaining nitrogen equilibrium in the post lactation period. The same workers had reported earlier a requirement of. 185 g/kg.73 for mature dry non-pregnant ewes (Robinson and Forbes, 1966) . In another study (Papas, 1976) with lactating ewes the estimated digestible nitrogen requirement was .250 Kcal/kg.73. Other workers used wethers (Elliot and Topps, 1964a,b) or rams (Singh and Mahadevan, 1970) . In this study the ewes were in good condition and had not been in lactation for several months.
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